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IDENTICAL EXCEPT IN TASTE ACUITY 


Frontispiece 
Misses Mary and Martha Johnson, of Mitchell, Ind. (Case No. 12), and Donald (1) 
and Roland (2) Brown, of Fort Wayne, Ind. Both of these pairs of twins are almost 
certainly identical, on the basis of all criteria employed, yet these twins are discordant 
with respect to ability to taste P.T.C. Donald and Martha are “Tasters”; Mary and 
Roland are not. Eye color, fingerprint patterns, blood groups, and other characteristics 
thus prove to be more reliable criteria taste acuity. 
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CONTRIBUTIONS OF THE 1937 NATIONAL 
TWINS’ CONVENTION TO RESEARCH* 


D. C. Riret 
Department of Zoology, Ohio State University 


IDENTICAL—? 
Figure 1 

Rita (left) and Renee (right) Hettler, of 
North Hampton, Iowa. (Case No. 8.) At 
Fort Wayne the author diagnosed these 
twins as identical, but later information 
from their mother indicates that they are 
fraternal. At birth the placentae were 
separate, and as babies Rita had lighter 
hair and eyes than Renee. Rita is right- 
handed and Renee is left-handed. They 
were Cesarean babies. Note in Tabie I 
that the three comparisons of their derma- 
toglyphics gave very similar results. 


DIFFER MOST IN FINGERPRINTS 
Figure 2 

Misses Iris (left) and Agnes (right) 
Prather, of Grahn, Ky. (Case No. 46.) A 
pair of almost certainly identical twins, 
classed as fraternal on the basis of derma- 
toglyphics alone. Iris is right-handed and 
Agnes left-handed. MacArthur suggested, 
on the basis of greater heterolateral simi- 
larities, that these girls might possibly be 
identical, with reversal in handedness. The 
above photograph was taken from separate 
snapshots of each girl, which accounts for 
discrepancies in clearness and size. 


N August 28 and 29, 1937, the 
Sixth Annual Convention of the 
National Twins’ Association was 

held in Fort Wayne, Ind. This unique 


Association was organized in 1931, and 
today has a membership of over 2,800 
pairs of twins. Non-commercial in na- 
ture, the organization aims to enroll 


*Funds for this research were procured through a grant from the Ohio Academy of 


Science. 


+Genetic Studies of Monozygotic Twins, No. V 
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as many as possible of the 2,000,000 
twins in the United States in its mem- 
bership. This year an attendance of 
more than 2,500 pairs of twins at the 
Convention was reported. 

Saturday, the 28th, was registration 
day. In the afternoon there was a 
street parade of twins, and in the eve- 
ning a banquet was held, twin enter- 
tainers appearing on the program. On 
Sunday contests were held and prizes 
awarded to the most similar and the 
most dissimilar pairs of twins of each 
sex, both above and below twelve years 
of age, the oldest and youngest pairs, 
the pair who came the greatest dis- 
tance, and to the family containing the 
largest number of pairs of twins. The 
youngest pair was six months of age, 
and the oldest pair 81 years of age. 
One member of the latter pair came 
from Los Angeles by air to attend the 
Convention. At least thirteen states 
were represented. 

The 1938 Convention is scheduled to 
be held in Chicago, and it is believed 
the 1939 Convention will be held in 
New York City, at the time of the 
World’s Fair. 

Mr. W. F. Whitmore, of the Publicity 
Committee, extended a cordial invita- 
tion to the author to attend the Fort 
Wayne Convention, and also to bring 
assistants* along for collecting scien- 
tific data from the twins. The invita- 
tion was accepted, and the Convention 
officials and all of the twins contacted 
cooperated splendidly in the setting up 
of test apparatus and in the collection 
of data. 


Twin Diagnosis 


It was felt that data obtained at the 
Convention might afford an opportu- 
nity to estimate the efficiency of derma- 
toglyphics, as compared with various 
other criteria, in the diagnosis of twins. 
Twins who are so similar in general 
body build; features; pigmentation of 
eyes, hair and skin; voice and manner- 
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isms as to be indistinguishable to in- 
dividuals not well acquainted with them 
are usually considered to be monozy- 
gotic, that is, identical in hereditary 
makeup. A recent study* of twenty 
such pairs of twins showed, on the 
basis of intra-pair comparisons of four 
qualitative genetic traits, and four 
quantitative traits, that the chances of 
sib pairs being as similar as these 
twins, ranged from one chance in 2,500 
for the least similar pair, to one chance 
in 400,000 for the most similar pair. 
The implication, not necessarily true, 
easily follows that one minus the above 
probabilities gives the odds that a 
given pair are monozygotic. However, 
as only eight out of all the traits show- 
ing variation in sibs are included in 
the comparisons, and as only two types 
of twins are known to exist in man, 
such errors undoubtedly greatly under- 
estimate rather than overestimate, in 
the great majority of similar twins, the 
actual probabilities of a given pair being 
monozygotic. In these twenty pairs ot 
twins, no intra-pair variations were 
found in blood group and M-N blood 
reaction, whereas approximately 61 per 
cent of sib pairs show intra-pair varia- 
tion in one or both blood reactions. 
It would, of course, be gratifying if 
a single infallible criterion, rather than 
the general similarity method, could be 
found for distinguishing the two types 
of twins. Intra-pair variation in sex, 
blood group, M-N reaction, general pig- 
mentation, and wide differences in gen- 
eral body conformation or features, are 
each in themselves conclusive evidence 
of dizygosity or fraternity, but intra- 
pair similarity in each or even all of 
these traits may occur in dizygotic 
twins. Our most definite and clear cut 
genetic traits, the blood groups and the 
M-N reaction, show no intra-pair varia- 
tion in approximately 39 per cent of 
sib and fraternal twin pairs in North 
American whites.® Interestingly enough, 
the more intangible a trait, the more 


*Blood samples were collected, and later analyzed, by Dr. Harriett Hyman, of Ohio 
State University. Dr. J. M. Rife, of Muskingum College, Mr. Milton Parker, Mr. Joseph 
—. and Mr. C. E. Boye, of Ohio State University, assisted in the collection of various 
other data. 
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variation, as a rule, do we find in fra- 
ternal twins. For example, in twenty 
pairs of identical twins, no significant 
intra-pair variations were found in the 
shade and distribution of iris pigmenta- 
tion* whereas, in fifty pairs of sibs, no 
pairs were found that did not show 
such intra-pair variation. Such a trait, 
however, is of a too subjective nature 
to be entirely satisfactory for diagnostic 
purposes. 

Aside from similarities in general ap- 
pearance, dermatoglyphics have prob- 
ably been used more frequently than 
any other criterion for diagnostic pur- 
poses. Like the blood groups, they are 
not subject to change after birth (ex- 
cept in size), they can be accurately 
recorded and definitely measured, and 
like more intangible traits, are capable 
of tremendous variation. Their chief 
weakness as diagnostic criteria lies in 
the fact that apparently they are sub- 
ject to modification in utero, as each 
dermatoglyphic characteristic seems 
capable of intra-pair variation in ex- 
pression in identical twins. As com- 
pared with intra-pair sib and fraternal 
twin differences, such variations are 
small, but at least up to the present 
time, have been sufficient to prevent 
the universal acceptance of dermatogly- 
phics as a sole basis of twin diagnosis. 

It has been noted by various investi- 
gators that, in the majority of identical 
twins, the intra-pair similarities in fin- 
ger and palmar dermatoglyphics are 
greater than the bilateral similarities 
of either individual. Based on com- 
parisons of the finger and palmar 
dermatoglyphics of fifty pairs of as- 
sumedly monozygotic twins, fifty pairs 
of fraternal twins, sixty-two pairs of 
single sibs, sixty-five parent-child pairs, 
fifteen husband-wife pairs and one hun- 
dred and fifty random pairs, Mac- 
Arthur, of Toronto University,? has 
recently devised an objective method 
for diagnosing twins, which promises 
to be of considerable value. This meth- 
od, described in detail elsewhere,® con- 
sists of intra-pair and bilateral com- 
parisons of finger ridge count values; 
finger patterns ; main palm line termina- 
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tions and axial triradii; and palm pat- 
terns. Diagnosis is based on the prin- 
ciple that in identical twins intra-pair 
similarities, either heterolateral or 
homolateral, usually the latter or both, 
are greater than the bilateral similari- 
ties of either individual, while in fra- 
ternal twins the situation is reversed. 


Fort Wayne Data 


The twins studied at the Fort Wayne 
Convention were first diagnosed by the 
author, on the basis of general simi- 
larity in distribution and shade of iris 
pigmentation, general pigmentation of 
skin and hair, and similarities in fea- 
tures, body proportions and manner- 
isms. Significant differences in any 
of these traits resulted in classification 
as fraternal. Only one pair of doubtful 
zygosity was encountered by the au- 
thor, Case Number 8, shown in Figure 
1. Although not similar to such a de- 
gree as to make them extremely hard 
to distinguish, no significant differences 
were found in the distribution of iris 
pigmentation, and certain other traits, 
which ordinarily vary in _ fraternal 
twins. As shown in Table I, they were 
first diagnosed as identical, but because 
of later information from the mother 
and the family physician (see Figure 1) 
the diagnosis has been reversed. Ex- 
aminations of iris pigmentation were 
macroscopic, and in cases where zygo- 
sity was readily apparent from general 
appearance, were rather superficial. 
Blood samples were obtained from 46 
pairs, and were later analyzed for group 
and M-N reaction. Fifty pairs were 
tested for P.T.C. reaction, and finger 
and palmar dermatoglyphics were ob- 
tained from 61 pairs. The prints were 
later given to Dr. MacArthur for an- 
alysis, whose diagnoses were based on 
the dermatoglyphics alone. 

Table I summarizes the data. The 
twins are numbered in the order stud- 
ied, and a few numbers are omitted, in 
cases where dermatoglyphics could not 
be obtained. Column 2 lists the sex of 
each pair, a total of 36 female, 18 male 
and 7 opposite sexed pairs. Results of 
the blood tests and taste reaction are 
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ALIKE ONLY IN 


FINGERPRINTS AND PALM PRINTS 


Figure 3 


Willard (left) and William (right) Scott, of Fort Wayne, Ind. 
further evidence is necessary to show that these boys are not identical. 
lighter hair and eyes than William and is different in a multitude of other ways. 


(Case No. 29.) No 
Willard has 
Yet 


their dermatoglyphics show greater cross-resemblance than right-left resemblance. (See 
Figures 4 and 5, also Table I.) They are seven years old, just one day younger than the 


girls shown in Figure 1. 


next in order. A taster is designated 
by the symbol plus (+), and a non- 
taster by the symbol minus (—). In 
the next column, A signifies alike, and 
U unlike in distribution and shade of 
iris pigmentation. Rife’s and Mac- 
Arthur's diagnoses are next recorded, / 
signifying identical and F fraternal. 
The results of MacArthur’s analysis 
of the dermatoglyphics are shown in 
the next three columns. The last col- 
umn shows the handedness of 42 pairs 
of twins, RR denoting both members 
as being right-handed, RL one member 
as right-handed and the left-handed, 
and LL both as left-handed. 

An examination of Table I shows 
that of the first twenty pairs examined, 
only two were fraternal. When this 
trend was observed, fraternal twins 
were at a premium, as we would have 
preferred approximately equal numbers 


of both types. At times the twins came 
in such large groups that it was im- 
possible to obtain complete data on all 
pairs. In such instances, blood and 
taste tests of fraternal twins were 
preferably neglected, as wide differ- 
ences in general physique and features, 
and differences in sex were in them- 
selves conclusive evidence of dizygo- 
sity. The last fifteen pairs listed were 
not examined by the author, but were 
diagnosed by other members of the 
Ohio State group, following the same 
principles. None of the pairs classed 
as identical by either MacArthur or 
Rife showed intra-pair variation in 
either of the blood reactions. All of 
the pairs classed as identical by Rife 
were alike in iris pigmentation. Based 
on our knowledge of the modes of in- 
heritance and on the frequencies of the 
genes involved in the two blood reac- 
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WILLARD 


WILLIAM 


RIGHT 


LEFT 


RIGHT 


LEFT 
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WILLARD-WILLIAM FINGERPRINT RESEMBLANCE 
Figure 4 
Note the presence of whorls on all of Willard’s right fingers and on William’s left 
fingers. This criss-cross resemblance in pattern is often found in identical twins. 


tions and taste reaction to P.T.C., and 
also on our observations of the iris 
pigmentation of fifty pairs of sibs, we 
should expect fraternal twins to be alike 
in respect to all four traits in approxi- 
mately one out of every 200 pairs. Sets 
Number 8 and Number 46 are the only 
pairs classed as fraternal by Mac- 
Arthur, who are alike in respect to each 
of the above traits. The latter pair is 
shown in Figure 2 and is considered 
by Rife to be almost certainly mono- 
zygotic. We have previously discussed 
pair Number 8. The photographs of 
pair Number 29, classed as identical by 
MacArthur and as fraternal by Rife 
are shown in Figure 3, and their finger 


and palm prints are shown in Figure 4 
and Figure 5. Pair Number 49, also 
classed by MacArthur, on the basis of 
dermatoglyphics alone, as_ identical, 
were likewise diagnosed as fraternal 
by Rife, because of striking differences 
in general appearance. Unfortunately, 
we have been unable to obtain pictures 
of this pair. Apparently, MacArthur’s 
diagnosis, based on dermatoglyphics 
alone, was correct in 58 out of 61 in- 
stances, approximately 95 per cent. It 
would have been desirable to have had 
a higher proportion of like-sexed fra- 
ternals in the group, as unlike-sexed 
twins are easily diagnosed, but as fra- 
ternal twins were considerably in the 


| 
7 
- 


LEFT HANDS 


RIGHT HANDS 


The Journal of Heredity 


WILLARD WILLIAM 


ort 


PALM PRINT SIMILARITIES OF WILLARD-WILLIA 
Figure 5 

The inter-twin (homolateral) resemblances in the palm patterns are greater than the 
resemblance in patterns between the palms of either twin. This has hecn advanced as an excel- 
lent criterion of identity but in this case the rule does not hold for William and Willard (see 
Figure 3) are obviously not identical tvins. (Such similarities in fraternal twins, how- 
ever, are exceptional.) Where adequate data regarding a pair of twins are available, a 
combination of the best methods of differentiation would leave only a very few cases in 

which doubt would remain as to classification. 


minority at Fort Wayne, all available pairs dizygotic, seven of the latter be- 
pairs, regardless of sex, were included. ing of the opposite sex. Even so, the 


Assuming pair Number 8 to be frater- fact that MacArthur’s method is highly 
nal, of the 61 pairs studied, 37 pairs are efficient is demonstrated beyond reason- 
almost certainly monozygotic, and 24 


able doubt, and, when one cannot actu- 
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ally see a pair of twins or their photo- 
graphs, it would seem to be, with the 
possible exception of foetal membranes, 
the most valuable means for determin- 
ing twin zygosity. Apparently several 
independent genetic factors play a part 
in the formation of finger and palmar 
dermatoglyphics. When dermatogly- 
phics of sibs and parents are also avail- 
#ble for comparison with thos* of a 
given pair of twins, they are of great 
comparative significance in diagnosis, 
as demonstrated in the comparisons of 
the dermatoglyphics of the quints with 
those of three sibs.? 


Taste Acuity 


Reference to Table I reveals that 
three pairs of twins classed as identical 
both by MacArthur and Rife (Cases 


TASLE I. 


Percentage difference in 


§ fl; 
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3, 12, and 15) showed intra-pair varia- 
tion in taste reaction to P.T.C. In the 
twenty cases of identical twins studied 
by Rife one pair was encountered 
showing intra-pair discrepancy in taste, 
yet diagnostic tests revealed that only 
once in 2,500 times should we expect 
sibs or fraternal twins to be so similar 
in respect to the other traits studied. 
The non-taster was later shown to have 
a general taste deficiency, which was 
thought to possibly be due to the non- 
taster’s having had a severe case of 
poliomyelitis several years previously. 
In 1937, Ardashnikov! reported three 
pairs of almost certainly identical 
twins, out of a total of 137 pairs of 
identicals, who showed intra-pair varia- 
tions in taste reaction to P.T.C. Thus 
in a total of 194 pairs of twins assumed 
to be identical by various criteria, seven 
pairs show discrepancies in taste of 
P.T.C. Of significance in this connec- 
tion is the fact that all of the 194 pairs 
were tested for blood group, and 57 
pairs for M-N reaction, and in no in- 
stance were intra-pair differences en- 
countered. Whatever may be the cause 
of occasional intra-pair variation in 
identical twins in taste reaction to 
P.T.C., such variation alone seems of 
doubtful validity as a criterion of di- 
zygosity. 

Forty-two pairs were tested for han- 
dedness in unimanual operations, thirty- 
one pairs being identical and eleven 
pairs fraternal. Table I reveals that 
nine of the identical pairs (29.0%) and 
three of the fraternal pairs (27.2%) 
show reversal of handedness within the 
pair. Of the three pairs in which both 
members are left-handed, two are iden- 
tical and one fraternal. These data do 
not support the belief, held by many, 
that reversal in handedness or “mirror- 
imaging” occurs with much greater fre- 
quency in identical than in fraternal 
twins. Data on handedness is appar- 
ently of no value whatsoever in twin 
diagnosis. 

Conclusions 

The data taken at Fort Wayne is 
confirmatory of previous studies, in in- 
dicating that twins who are so similar 
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in general appearance as to be easily 
mistaken for one another, are, in the 
vast majority of cases, identical or 
monozygotic. In identical twins the 
distribution and shade of iris pigmenta- 
tion, as a rule, shows no significant 
intra-pair variations, whereas the re- 
verse is true for fraternal twins. If 
one cannot actually see a pair of twins 
or their photographs, dermatoglyphics 
can be relied upon as diagnostic cri- 
teria, in a high percentage of cases. 
In cases of doubtful zygosity, blood 
groups and M-N reaction are of value, 
in that intra-pair variation in either is 
conclusive evidence of dizygosity. 
Taste reaction to P.T.C. is of doubtful 
value in twin diagnosis, except when 
used in conjunction with other inde- 
pendent traits, and in setting up for- 
mulae predicting the frequencies that 
sibs as similar as a given pair of twins 
would be expected to occur. ‘The effi- 
ciency of the above criteria are in- 
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creased if similar data from sibs and 
parents are also available. 

The writer wishes to thank those 
who assisted in the collection of data, 
also Dr. J. W. MacArthur for his an- 
alysis of the dermatoglyphics, and the 
twins for their patience and cooperation 
in submitting to various tests. 
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An Artificial Sex-Linked Character 


HE event of the biennium has been the 

translocation by X-raying of a section of 
chromosome in the grouse locust carrying the 
gene IV’, for a stripe along the femora of the 
posterior legs, and attaching it to the sex, or 
X-chromosome. We thus now have a sex- 
linked character, the first to have been reported 
in any of the orthoptera. The deficient, or 
donor, chromosome was lost in the matings 
which followed, but the accreted, or receptor, 
chromosome was retained and has been car- 
ried through eight or ten generations, and in 
rather large numbers. The translocation marks 
a very profound change in the inheritance of 
these grouse locusts. The characteristic 


(stripes along the legs) is still carried in its 
original position and inherited in the regular 
At the same 


way of autosomal characteristics. 


time the identical characteristic is, even in the 
same individual, inherited in an entirely differ- 
ent (sex-linked) way. This one is different 
from most sex-linked characters previously 
reported in other animals in that it is a domi- 
nant and the females show a single dose as 
well as the males. 

Another peculiarity about this new sex-linked 
characteristic is that females carrying it double, 
or on both sex chromosomes, apparently do not 
hatch, or at least do not grow up to be re- 
corded. We assume that the translocation con- 
sisted in an addition of chromatin to the sex- 
chromosomes above the normal, and that there 
is too much of it, or whatever it bears, when 
both X-chromosomes have it.—Biennial Report 
of Kansas Experiment Station. 
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A HERITABLE VARIATION OF FEATHER 
STRUCTURE IN THE FOWL* 


D. C. WARREN 
Kansas State College 


FRAYED WING FEATHERS 
Figure 6 


A female showing the expression of the recessive character, fray in the tail and 
wing feathers. 


HIS variation in feather struc- This new factor is characterized by a 
ture was brought to the writer’s frayed appearance of the flight and tail 
attention in 1931 by John DeFor- feathers. There is considerable varia- 
est, a poultry flock inspector in Kansas. tion in expression of the character and 
It appeared in a flock of the Ancona _ in extreme cases the body feathers are 
breed and had been observed there for lacking in smoothness and have a 
a number of years. slightly ropy appearance. However. in 


*Contribution No. 109, Department of Poultry Husbandry. 
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DEFECTIVE BARBULES 
Figure 7 


Flight feathers from frayed and normal plumaged birds. ' 
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most instances the condition is noted 
only in the tail and wing feathers. 
When the wings are folded normally, 
the frayed condition will be observed 
in the tail feathers only. 

This factor has been designated as 
“fray” and the symbol fr is proposed. 
This character is not recognizable at 
hatching, and is somewhat difficult to 
detect in the first set of chick feathers, 
especially in individuals showing less 
extreme expression of the factor. The 
second and mature set of feathers show 
the fray character much more definite- 
ly. The molt of the original wing 
feathers begins at about 6 to 12 weeks 
of age, depending upon the maturity 
age of the bird. As the bird grows an 
increasing number of new wing feath- 
ers, the frayed condition is more easily 
recognized. 

In chicks which feather out early, 
fray may be recognized with a high 
degree of accuracy in chicks about a 
week old. Although the fraying is 
somewhat obscured as the feather ma- 
tures, it is rather easily recognized dur- 
ing the first few days after the feather 
emerges from its sheath. 

Birds showing this character seem to 
be lacking in viability, but this may be 
a result of the inbreeding usually neces- 
sitated in the study of a recessive fac- 
tor, rather than being due to the effects 
of the factor itself. 

Microscopic examination of flight 
feathers of frayed birds shows that the 
trayed appearance is due to a defective 
condition of the barbules. This is par- 
ticularly true of the anterior barbules 


and hooklets. Some hooklets are pres- 
ent but they are usually more sparsely 
distributed on the shortened and fre- 
quently misshapen barbules. This de- 
fective feather structure usually results 
in an imperfect interlocking of the an- 
terior and posterior barbules. The 
separated barbs give the frayed ap- 
pearance of the vane. 

Two frayed females were secured 
originally and from them the stock be- 
came established. The results of the 
various types of crosses are given in 
Table 1. The F; generation was pro- 
duced by crossing frayed individuals 
to different types of crossbred birds 
carried at the Kansas State College 
poultry plant. These crossbreds usually 
carried other dominant characters 
which were useful in testing linkage 
relations of this new factor. The re- 
sults of linkage tests are to be reported 
elsewhere. 

The results of matings reported in 
Table 1 indicate that fray is a simple 
autosomal recessive. There is consider- 
able shortage of the segregating frays, 
but this may be due to the effects of the 
character in lowering viability of the 
chicks. Also in the earlier matings it 
is probable that some of the birds show- 
ing fray in the less extreme condition 
were overlooked. 


Table I. Results o mtines of the character, “ray 


enters nal] Total 
Prey _ Pray | Norm) bray Normal 
Pray 4_< 156 1467 
Normal X “rey? 116 217 233 
4X "rey 523 9 1192 1699 
Let 628 755 1257 | 


Discovery of Hairless Goat 


Sir: 

With reference to my recent article in your 
Journal on the hairless goat (vol. 28: pp. 265- 
266, 1937), I wish to note a correction regard- 
ing the discovery of this interesting mutation. 
Through my fault the discovery of the hairless 
goat was ascribed to Mr. Trifonov, whereas 


it had been first discovered by Professor M. S. 
Karpov. The matings described in my article 
were made by Mr. Trifonov under the guid- 
ance of Professor Karpov, to whom should be 
given credit for the discovery. I regret this 
unfortunate error. 

D. A. Kistovsky 
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SHORT LONG SHORT LONG 


FLOWERING HABIT CONTROLLED BY DAY LENGTH 
Figure 8 
Annual sugar beets are biennial in short days: A, cool short; B, cool long; C, warm short ; 
D, warm long. In this species—or at least in the variety under study—length of day and not 
temperature was the deciding factor, in contrast to the situation illustrated in Figures 9 and 12. 
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PHOTOPERIOD, TEMPERATURE AND 
SOME HEREDITARY RESPONSES 
OF PLANTS* 


R. H. Roperts AND BuRDEAN E. STRUCKMEYER 


University of Wisconsin 


OOL 
SHORT LONG 


WARM 
SHORT LONG 


FLOWERING HABIT TEMPERATURE CONTROLLED 
Figure 9 


Temperature modifies the photoperiod responses of some plants as Salvia: A, cool short; 
B, cool long; C, warm short; D, warm long. In contrast to the situation in the beet (Figure 8) 
the short-day reaction of Salvia is affected by the temperature, the cool short day producing 


precocious flowering. 


lation of phloem development to 

blossoming? more than 120 species 
and varieties of plants were grown in 
different temperature and photoperiod 
environments to secure samples for 
anatomical observation. Long- and 
short-day conditions were provided in 
two greenhouses carried at minimum 
temperatures of 55° and 70° F., furnish- 
ing four environments. From the 
physiological point of view an outstand- 
ing result of the tests was that tempera- 
ture effects modified or altered the 
length of day responses of many kinds 
including such so-called specifically 
photoperiodic plants as poinsettia, 


| N connection with a study of the re- 


(Figure 9) and Maryland Mammoth 
tobacco.* 

From the standpoint of heredity 
there were a number of interesting re- 
sults. Three cases will be reviewed. 

Klondyke Cosmos is a typical “short- 
day” plant and fails to blossom in 
northern latitudes before it is killed by 
fall frost. A sport of this variety ap- 
peared in 1934. This new variety, 
which has been named Orange Flare, 
blossoms in July. It was assumed to 
be a photoperiod variant. Experiments 
proved otherwise. When growing in a 
cool temperature, Orange Flare is a 
short-day plant but in a warm tem- 
perature it blossoms in long days as 
well as short days. The variation from 


*Published with the permission of the Director of the Agricultural Experiment Station. 


+Correspondence, Miss Elizabeth Bodger, El Monte, Calif. 
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VARIETAL DIFFERENCES IN 
REACTION 
Figure 10 

Great differences in reaction to temperature 
and length of day are shown by these timothy 
varieties. Variety 4 grows at about the same 
rate under all of the four experimental en- 
vironments. Variety B requires a cool long 
day to progress to the heading stage. 


DIFFERENCE IN OAT VARIETIES 
Figure 11 (at right) 

Responses of winter(4) and Wisconsin No. 
7 oats (B): a, cool short; b, cool long; c, 
warm short; d, warm long. The winter oats 
respond to day-length alone, whereas the 
other variety (B) seems to require both tem- 
perature and day-length optima to head. 
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—WARM— 
SHORT LONG SHORT LONG 
HIGH TEMPERATURE FLOWERING 
Figure 12 


Orange Flare Cosmos, a sport of the “short- 
day” Klondyke variety (which ordinarily does 
not blossom until fall), blossoms in the sum- 
mertime because of high temperatures. A, cool 
short; B, cool long (vegetative phase); C, 
warm short; D, warm long (flowering). The 
parent form of cosmos blossoms ordinarily only 
in short days, regardless of temperature. Thus 
the mutation represents a change of reaction 
to temperature rather than to length of day. 


Klondyke is obviously for temperature 
and not length of day. 

In the course of a study of bolting 
of sugar beets by investigators from 
the United States Department of Agri- 
culture annual strains have been select- 
Number 2240 blossomed in 
long days of both cool and warm tem- 
peratures (Figure 8). It also failed to 
blossom in short days at both ranges of 
temperature. Temperature would thus 
appear to be less of a factor in seed 
stock production of sugar beets during 
the first growing season than is photo- 
period. 

Another result of the temperature 
and photoperiod treatments was the 
clear demonstration that some varieties 
of a. single species show a wide adapta- 
tiott to the environments used whereas 
others thrive in only a single situa- 
tion. Examples of plants showing this 
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POTATO INDIVIDUALISM 
Figure 13 

Potato varieties react differently to similar 
treatments: A, Triumph; B, Irish Cobbler; 
a, cool short; b, cool long; c, medium tem- 
perature, normal winter day; d, warm short; 
e, warm long. In genetic experimentation and 
in practical breeding programs such differ- 
ences as these emphasize the need to control 
both length of day and temperature in reaching 
conclusions regarding growth habits. 


variability were timothy (Figure 10), 
oats (Figure 11), and potato (Figure 
13). From the differences in reaction 
which these and other plants gave, the 
question arises as to whether adaptation 
to ranges of temperatures, light or other 
factors should not be more carefully 
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measured and the resulting information 
employed to a greater extent than is 
now done in the breeding of agricul- 
tural and horticultural plants. 
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A CLASSIFICATION OF SPLIT PERSONALITIES 


LTHOUGH Kraepelin’s classifi- 
cation of dementia precox types 
and Bleuler’s concepts of schizophrenia 
are still definitely in the foreground in 
psychiatric thinking, the tendency to con- 
sider “schizophrenia” as representing a 
variety of different forms of mental dis- 
ease is rapidly gaining ground. Kleist’s 
more recent classification of these dis- 
orders includes a number of undiffer- 
entiated forms. Moreover, he has classed 
the “degenerative psychoses” or deterio- 
ration forms apart from the atypical 
schizophrenias. 

The author of the present book* takes 
the final stages in schizophrenia as his 
points for orientation. He holds that 
any classification of diseases from mani- 
festations in their early stages has the 
disadvantage of dealing with symptoms 
in the process of development, and with 
the possibilities of changes in the fu- 
ture due to new or repeated attacks of 
the disorder. The transitory forms of 
schizophrenic manifestations he classifies 
as subtypes, which, however, appear defi- 
nite and clear cut in their clinical aspects. 
He separates the material as a whole into 
two main divisions, i.e., a biological or 
inherited group and a subvariety group, 
the distinction being made on _ the 
basis of the character of the clinical 


manifestations. As systematized “de- 
fect” types one finds (1) paranoid 
schizophrenia with phantasophrenia, 


hypochondriacal hallucinosis, and “ver- 
bal” hallucinosis listed as subtypes. 


The difference between the hallucina- 
tions of the hypochondriac and the pa- 
tient having “verbal” hallucinations is 
outlined on the assumption that the 
hallucinatory experiences in the hypo- 
chondriac are in the form of distorted 
perceptions, while those of the verbal 
type are clear cut and in the sensory 
sphere only. The three forms may be 
difficult to differentiate in the acute 
stages of the disorders where the pa- 
tient’s mental confusion dominates the 
picture and where a mixture of symp- 
toms may appear. However, the re- 
spective causes of these diseases indi- 
cate that they are not derived from one 
source but constitute independent 
forms. Other subtypes are expansive 
paranoid reactions, incoherent schizo- 
phrenic defect (severe form), and au- 
tistic form, with the concepts of each 
founded on the study of a group of 
selected cases; (2) hebephrenia, with 
“nonsense” and eccentric forms as sub- 
types; and (3) catatonia with inert 
and active speech types, negativistic and 
rigid reactions mentioned among the 
subvarieties. 

The various symptoms are expressed 
in distinct combinations in these sub- 
types and in a manner to indicate that 
they represent different diseases or in- 
dependent syndromes. The investiga- 
tion of families strongly suggests an 
hereditary basis for these forms. 

The other schizophrenic forms are 
represented by stuporous reactions, pe- 


*Leonarp, K. Die Defektschizophrenen Krankheitsbilder (Ihre Einteilung in Zwei Klinisch 
und Erbiologisch Verschiedene Gruppen und in Unterformen Vom Charakter der Systemkrank- 


heiten). Pp. 134. Georg Thieme, Leipzig, 1936. 


= 
. 


Split Personalities 


riodic schizophrenia and_ schizophasia. 
These atypical varieties are not further 
divisible into subforms and are not 
identified with the other expressions 
of schizophrenia, but express a charac- 
teristic symptomatology, follow a par- 
ticular course and probably have spe- 
cial hereditary factors. The author’s 
special divisions of the schizophrenia 
problem are unusual and are based on 
what some may consider the “second- 
ary” rather than the “primary” charac- 
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teristics and manifestations of the dis- 
orders. However, new viewpoints and 
attempts to classify thinking should be 
welcome in a field where so many com- 
plex issues are at present under con- 
sideration and investigation. The ma- 
terial as presented suggests a number 
of additional problems worth studying 
in more detail. 
N. D. C. Lewis 


New York State Psychiatric Institute and 
Hospital 
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BALTIC EUGENICS 


UGENICS in the three Baltic coun- 

tries, Estonia, Latvia and Lithu- 
ania, is reported in a new publication 
Tuventute Baltica. It is the organ of 
the Children and Mothers Protection 
Committee of the Baltic States and is 
edited by Dr. H. Madisson, Tartu, 
Estonia. Most of the articles have sum- 
maries in English or German. 

The first issue indicates an active in- 
terest in the subject of eugenics in this 
region. The broad outlook of the com- 
mittee includes many items which would 
be classed as of secondary eugenic im- 
portance, though the need to carry on 
eugenic reform in the frame of existing 
social agencies makes such a classifica- 
tion somewhat arbitrary. 

The concluding issue of the first vol- 
ume contains a most interesting account 
of the Estonian sterilization law which 
was adopted only this year. The follow- 
ing statement by Dr. Madison sum- 
marizes the history of the law. The full 
text of the law (in German) is given 
following this discussion, but this is not 
reproduced here. 


The Estonian Sterilization Law* 
H. Mapisson 
On the Ist of April, 1937, the law of 
sterilization, decreed by the President on 
November 27, 1936, became effective. 
Thus the continuous struggle of Estonian 
doctors, which lasted over a number of 


years, was ended. People who were 
hereditarily defective could now be ster- 
ilized, though restrictions were - still 
numerous. 

Already in 1924 at the Estonian Med- 
ical Congress, eugenic problems had been 
discussed and a commission was chosen 
to formulate the principles of this law. 
In 1925 the fourth Estonian Medical 
Congress adopted these principles. The 
author of these lines introduced in 1925 
the project of the sterilization law 
(Tulev Essti, 1925, No. 7, 8 and 9). 
Meanwhile the project of a new penal 
code had almost been worked out. In 
order to prevent the prohibition of sterili- 
zation by this code the author submitted 
in 1927 a paragraph to the Eugenic 
Commission, who in turn brought it to 
the attention of the Legislative Penal 
Commission. To begin with the latter 
rejected it. Subsequently the Estonian 
Medical Congress repeatedly urged the 
introduction of eugenic sterilization, but 
in vain. In 1934 the Estonian Eugenic 
and Genealogic Society submitted the 
law of sterilization to the government. 
This law was drawn up by the author. 
Eugenic abortion was included in this 
project. The second National Educa- 
tional Congress voted in favor of a 
sterilization law. Due to these continu- 
ous requests the administration of the 
Public Health Assistance presented to 
the government a project of the steriliza- 


*Translated by Irene Myer. 
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tion law, and finally, after many diffi- 
culties, the law of sterilization was in- 
troduced. 

Since the Estonian sterilization law 
is the youngest amongst its equals it 
cught to have utilized more courageously 
the wealth of experiences accumulated 
in Scandinavia and Germany. 

On the basis of §1 sterilization or 
abortion are only permitted in the case 
of hereditary lunatics, feeble-minded, 
people afflicted with serious hereditary 
epilepsy, and people with inherited in- 
curable physical defects. Thus in each 
individual case of schizophrenia and 
lunacy its heritable nature must be 
proved. The permission to sterilize de- 
linquents and drunkards comprised in 
the Scandinavian, Finnish, and German 
law is not included in the Estonian law, 
though these hereditary ills are more 
dangerous than the procreation of a child 
suffering from a physical defect. 

A deplorable omission in the law is 
the fact that it has made no provision 
for the abortion of a woman rendered 
pregnant by a lunatic. Sterilization and 
abortion on social grounds are not per- 
mitted. 

The sentence of sterilization is im- 
posed by two district commissions one 
at Tallin and one at Tartu. Estonia is 
divided into these two districts, approxi- 
mately there are 600,000 inhabitants in 
each. (§4.) 

A district commission according to 
the law is composed of five people, the 
president must ‘be a doctor of the town 
in which the commission resides. The 
Administration of Public Hygiene and 
Assistance appoints two medical special- 
ists, a fourth member is nominated by 
the town municipality where the com- 
mission resides and a fifth member is 
nominated by the communal rural ad- 
ministration of the same town. It is not 
obligatory for the two latter members to 
be doctors, but for the present they are. 
Pracice has shown, that a commission of 
five is unnecessarily numerous, in par- 
ticular as under adverse circumstances 
two of the five members might be lay- 
men, not well versed in medical and 
eugenic questions (§4). The duty of 


the commission is to question experts 
and witnesses and to reach a resolution 
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regarding sterilization or abortion (§). 

The resolution of the commission is 
confirmed or refused by the director of 
the Administration of Hygiene and Pub- 
lic Assistance. The third and supreme 
instance of appelation is the Supreme 
Tribunal (the State Tribunal) in which 
no doctor participates (§8 & 9). The 
reasons for abortion must be decided 
upon within a month at the latest (§9). 
The work of the Commission is regu- 
lated according to the order of adminis- 
trative procedure. A request for steril- 
ization or abortion can be presented: 1, 
by the person desiring the operation ; 
2, by two official doctors; 3, by guardi- 
ans, curators or protectors of people 
irresponsible for their actions, provided 
they are not heirs of the person to be 
sterilized ; 4, by directors of institutitons 
of the Public Assistance and by direc- 
tors of clinics and hospitals. We regret 
that close relatives of a deficient person 
are not granted the privilege to request 
an abortion or sterilization, because 
after all the procreation of children in- 
ferior in value primarily affects them 
(§3). 

Once the resolution has been passed 
sterilization or abortion must be per- 
formed in medical institutions designated 
for this purpose. The operation cannot 
be performed by doctors who are mem- 
bers of the commission or who had per- 
sonally requested the operation (§11). 
At the latest seven days after the opera- 
tion a report has to be made (§12). 
Expenses incurred are met by the state 
or by the person on whom the operation 
had been performed, provided that he 
had requested it and had the necessary 
means (§13). 

The work of the Commission is con- 
fidential and never published (§15), 
everybody is strictly obliged to keep it 
secret. On the other hand the doctors 
questioned by the Commission are ex- 
empt from this duty and may reveal the 
medical secrets of the person involved. 
A definitely approved operation can be 
performed by force ($10). The opera- 
tion, however, cannot be carried out if 
it endangers the life and health of the 
individual, or if the latter is under ten 
years of age (§2). 


| 
j 


A STUDY OF THE INHERITANCE OF BODY 
WEIGHT IN THE ALBINO MOUSE 
BY SELECTION 


H. D. GoopaLe 


Mount Hope Farm 
Williamstown, Massachusetts 


ANY experiments have been 
made on selection of breeding 
stock as a means of producing 

change in a species or race, but no ex- 
periment—so far as we have been able 
to learn—has ever been made which 
sought to learn the limits of change when 
the progeny-test method of selecting 
breeding stock is employed to produce 
change in characters which, in so far as 
they themselves are concerned, can un- 
dergo unlimited change. Yet our experi- 
ence in the routine use of the progeny 
test at Mount Hope Farm, in the breed- 
ing of poultry for the improvement of 
characters having economic value, leads 
us to conclude that the progeny test, un- 
derstood and used as it is understood and 
used at Mount Hope Farm, contains the 
possibility of producing an indefinite or 
even an unlimited amount of change in 
characters which themselves offer no ob- 
stacles to unlimited change. The truth 
of our conclusions can be demonstrated 
only by means of experiments. They 
might very well have been conducted 
with poultry, but the nature of our work 
with poultry makes their use inadvisable 
in the proposed experiments. However, 
the question of limits is much too im- 
portant, both theoretically and practical- 
ly, to be dismissed for this reason 
alone. We decided, therefore, to under- 
take some of the necessary experiments, 
using for this purpose an animal that 
could be bred easily in large numbers and 
characters which permit large or unlim- 
ited change. One of these experiments 
is reported here. 

Mice possess many advantages for 
experiments of this kind, and weight is 
free from the objection that its very na- 
ture will bring the experiment to a quick 


conclusion. It is conceivable that mice 
might be developed by breeding which 
would weigh more than rats. Indeed, 
since the theory of evolution says that 
life began with a single-celled animal of 
no greater size than an amoeba, the very 
large animals such as mastodons, me- 
gatheria or titanotheres must have arisen 
from smaller ancestors. 

We began, therefore, at Mount Hope, 
in 1930, an experiment which has as its 
object to breed mice as large as possible, 
and have already achieved results which 
demonstrate that the weight to which 
mice can be developed by selection can- 
not be predicted from a study of weight 
in existing strains. On the contrary, the 
present rate of progress is indicative of 
continued increase. 

The chief object of this experiment is, 
as stated, so far as we can do so, to 
determine limits of change which can be 
made by selection and we plan to find 
these limits by breeding the largest and 
heaviest mice possible. The nature of 
the work is such, therefore, that informa- 
tion on the following related subjects 
will probably be obtained : 

1. Comparison of the actual results, both 
of individual matings and of the entire 
series of matings, with the results expected 
on theoretical grounds, may supply further 
information on the genetic nature of weight 
inheritance. 

2. Published reports on selection experi- 
ments usually lay no stress on genotypic 
selection, as compared with phenotypic 
selection. Indeed, in most cases, in so far 
as published statements are available from 
which to judge, genotypic selection, de- 
scribed—as applied in this experiment—on 
page 108, has not been used. The effectiveness 
of genotypic selection as a means of pro- 
ducing extensive genetic change is, there- 


fore, being tested. 
As any experiment on artificial selec- 
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SIX YEARS’ PROGRESS IN PROGENY SELECTION 
Figure 14 


Enlarged moving-picture film views of mice showing increase in body weight obtained dur- 
ing the six years of the experiment. The five views show various positions of the mice, so that 
a composite idea of the visible increase in size can be gained, better than would be obtained from 
posed photographs. The 1931 foundation animals were large mice. Their descendants 12-16 gen- 
erations later are thus definitely giants. Since no decrease in rate of gain has been noted in 
recent generations, there is an excellent possibility that by genotypic selection (i.e., by the selec- 
tion of the parents to continue the strain through observing the weight of their progeny )—mice 
as large as rats can be produced in a relatively short time. The theorctical and practical im- 
plications (in animal breeding) of such a possibility are very great. 
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tion may add to our knowledge of natural 
selection, the present experiment may be 
favored in this respect. 

4. If mice weighing twice as much as the 
ordinary laboratory mouse can be produced 
by selective breeding, it is reasonable to 
suppose that the productive ability of farm 
plants and animals can be improved to a 
like extent by genotypic selection, thus con- 
tributing to an increase in farm profits and 
improvement in farm life. 


Maximum Weight and the Multiple 
Factor Theory 


The second, third and fourth subjects 
require no further discussion at this 
point. However, the chief object of this 
experiment and its corollary, the genetic 
nature of weight inheritance, should be 
considered in relation to the one gen- 
erally accepted explanation—the multiple 
factor theory—of the manner in which 
selection accomplishes the changes which 
occur under its action. 

According to this explanation, the 
variation in size which supplies the ma- 
terial on which selection acts is the result 
of diverse combinations of genes. The 
changes which follow artificial selection 
are referred, therefore, to the accumula- 
tion of favorable genes which were pres- 
ent in, but dispersed among, the stock 
from which the foundation animals were 
taken, in such a manner that only mice 
of ordinary size are seen. Consequently, 
it is commonly concluded that when all 
favorable genes are assembled together 
in each individual of a strain, further 
change is impossible, except as those 
changes in genes, called gene mutations, 
occur. But the nature and frequency 
of gene mutations is such that, in the 
absence of positive evidence to the con- 
trary, change due to favorable gene mu- 
tations is probably extremely slow, so 
slow that an experiment on selection— 
unless continued over impractically long 
periods of time—could not rely upon 
gene mutations to promote further 
change. In the absence of gene muta- 
tions, the limits beyond which selection 
is powerless to effect further change must 
be predetermined by those genes which 
were present in the foundation animals. 
It is important, then, to learn as much 
as possible about the amount of change 
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in the weight of the mice of this experi- 
ment, which might be brought about by 
accumulating in all individuals of some 
future generation as many genes as pos- 
sible which favor heavier animals, and 
by discarding as many as possible of 
those that favor smaller animals, because 
if an amount of change is produced by 
selection which exceeds the theoretical 
limits, a new explanation must be sought. 
Castle’s''* discussion of blending in- 
heritance in relation to the gene theory 
offers interesting possibilities in this di- 
rection. 

Genes, in respect to weight, are of 
three kinds; neutral, plus and minus. 
Since neutral genes have no influence on 
weight, each chromosome can be regard- 
ed as a linear series of plus and minus 
genes which, according to the excess of 
one kind of gene over the other, becomes 
a plus or a minus chromosome. The 
twenty pairs of chromosomes of the 
mouse are, then, equivalent to twenty 
freely segregating pairs of weight genes. 
The effect of each chromosome on weight 
presumably differs from each of the 
others and presumably changes from 
time to time, because of cross-overs. As 
the chromosomes, unlike the genes in the 
chromosomes, are independent bodies, 
the first effects of selection may very well 
be the results of a rearrangement of chro- 
mosomes which, notwithstanding com- 
plications introduced by cross-overs, 
produces a race characterized by the 
presence of those chromosomes which 
favor increased weight. 

Sorting of chromosomes is, however, 
only one phase of the problem. Since 
each chromosome is a linear series of 
plus and minus weight genes, selection, 
in order to reach a limit beyond which 
further accumulation of plus genes is 
impossible, must disentangle the plus 
genes from the minus genes in each chro- 
mosome in order that each chromosome 
of later generations may carry as com- 
plete a complement of plus genes as 
possible, having in mind that selection 
is effective only on loci represented by 
unlike alleles. The task of disentangling 
the plus genes from the minus genes may 
well extend the labors of the breeder for 
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an indefinite period before it is com- 
pleted. 

Of all the loci in a race or species 
represented by unlike alleles, only part 
may be available in an experiment on 
artificial selection. One reason for this 
is that the foundation stock frequently 
consists of only a few individuals. -The 
number of loci represented by unlike 
alleles is, therefore, correspondingly re- 
duced, particularly in the case of those 
loci where the frequency of one allele 
is small, relative to that of its companion, 
—or companions, if multiple alleles oc- 
cupy the locus. Then, too, an experi- 
ment in artificial selection is necessarily 
limited by time, space and expense to 
very small numbers in comparison with 
those available in nature, a circumstance 
that apart from the effects of selection, 
tends, as the experiment proceeds, to re- 
duce the number of suitable loci. Never- 
theless, the number of suitable loci may 
be very large, much larger, indeed, than 
might be anticipated from a series of 
measurements made on members of the 
race, a series which contains only a small 
number of individuals compared with 
the numbers necessary to cover the en- 
tire range of genetic classes when more 
than a few pairs of heterozygous genes 
are concerned. Thus, ten pairs of hetero- 
zygous genes segregating independently 
of each other require 1,048,576 individ- 
uals to cover the range of genetic classes, 
while twenty pairs, which is only one 
pair of genes to each pair of chromo- 
somes in the mouse, require 1,099,511,- 
627,776 individuals. In view of these 
very large numbers which are, after all, 
small compared to the theoretical re- 
quirements when larger numbers of pairs 
of genes are concerned, the size of the 
sample of a population which is measured 
as a preliminary to a selection experi- 
ment, while statistically significant, is 
really insignificant and affords no indi- 
cation of the number of genetic classes 
involved. 

The problem of determining a theo- 
retical limit beyond which selection 
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ceases to be effective is a problem in 
mathematical genetics, beset with many 
complicating elements. In one sense no 
solution is possible, since the number 
and the effect of the genes concerned are 
not known, while dominance, multiple 
alleles, the influence of particular com- 
binations of genes, heterozygosis, etc., 
all contribute complicating elements. 
Nevertheless, an estimate of the maxi- 
mum amount of change under certain 
conditions is possible and is well worth 
considering in connection with the pres- 
ent experiment. 


Estimating Maximum Weight 


In making this estimate, advantage 
may be taken of the principle that the 
frequencies of the classes in a random 
sample drawn from a larger population 
are proportional to the frequencies of the 
classes constituting the larger population. 
Now, heterozygous non-dominant genes 
of equal effect and equal frequency are 
distributed in classes according to the 
expansion of the even powers of the 
binomial (a + b)". The number of 
genetic classes of different numerical val- 
ues is, accordingly, n + 1 and the fre- 
quency of each class is given by the 
numerical value of the coefficient of each 
term in the expanded binomial. The 


number of pairs of genes is =, and the 


least number of individuals required to 
include all genetic classes is 2". When the 
number of pairs of genes is small, less 
than five or six, 1024 or 4096 individuals 
should include, theoretically at least, 
representatives of all genetic classes. But 
as the number of gene pairs increases, 
samples of a size that are available in a 
practical sense, say one thousand indi- 
viduals, include representatives of a pro- 
gressively smaller proportion of all gene- 
tic classes, due to the decrease in relative 
frequency of each genetic class from the 
center outwards, which soon reaches a 
value too small to be included in a sample 
of this size,* and so, with an increasing 


* As a sample of one thousand individuals is a large sample, as samples of biological popu- 
lations go, this number will be understood whenever the word “sample,” without qualification, 


is mentioned in this discussion. 
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number of pairs of genes, a progressively 
larger proportion of all genetic classes is 
excluded from the sample. But these ex- 
cluded classes provide the basis for 
corresponding increases in the amount 
of change which may be accomplished 
by selection. For example, when there 
are eight pairs of genes, there are seven- 
teen genetic classes, of which thirteen 
should be included in the sample and 
four excluded. When there are eighteen 
pairs of genes, there are thirty-seven 
classes of which nineteen should be in- 
cluded in the sample and eighteen ex- 
cluded. When there are twenty-five 
pairs of genes, twenty-three classes 
should be included in the sample and 
twenty-eight excluded from it. It fol- 
lows, therefore, that a definite propor- 
tion of all the classes resulting from any 
number of pairs of genes is included in 
the sample, and that from this propor- 
tion the limits of selection for a particu- 
lar number of pairs of genes may be 
determined. 

The sample of which we have been 
speaking is an ideal sample, and its re- 
lation to the classes for each number of 
pairs of genes is definite and precise. 
But an actual sample of a population re- 
sulting from a particular number of 
pairs of genes does not bear so definite 
and precise a relation to its theoretical 
population, because of sampling effects. 
When, then, it is compared with theo- 
retical curves, as the ideal sample was 
compared, its end classes rarely corre- 
spond with their theoretical position. 
As a consequence, the number of classes 
included in the sample may be larger 
or smaller than in a theoretically ideal 
sample. A curve might be fitted to the 
observations, but this labor can be avoid- 
ed and practical purposes served by the 
expedient of calculating a lower and an 
upper limit of selection, as is done later 
in this paper. Since the actual number 
of pairs of genes is not known in advance 
and may never be known, great accuracy 
is not needed. All that can be done is 
to make estimates that cover all reason- 
able possibilities. 

The relation of an actual sample to 
the theoretical population can be deter- 
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mined from the terms of the expanded 
binomial, if the number of pairs of genes 
is not too large. When the number be- 
comes too large, resort may be made to 
a table of the probability integral. Such 
a table shows that .9544 of all individ- 
uals occur within the limits of +20 and 
that .9974 occur within the limits of 
+3e. The proportion occurring between 
+20 and +3e is .0430 which is .0215 
on each side of the distribution. The 
proportion of the population outside 
+3e is .0025 or .0013 at either end. 
When only thirteen individuals in ten 
thousand occur beyond +3e, and corre- 
spondingly at the other end, it is evident 
that +30 marks the beginning of one 
area and —3e of a second area, no repre- 
sentatives of which are likely to be in- 
cluded in a sample of this size or less. 
But if either end of a sample should by 
chance lie outside +30, and if the esti- 
mate of the limits of selection be based 
upon the ends at this point, the only 
effect would be to make the estimate a 
little too large or, in the other direction, 
a little too small. 

From the distribution of the normal 
curve, it is evident that the extreme 
classes of an actual sample of the size 
commonly obtained in biological work 
are likely to fall between +20 and +3e 
of the normal curve. If, then, the ends 
of the actual sample are made to corre- 
spond with each of these two points, 
upper and lower estimates of the range 
of the theoretical curve for any number 
of pairs of genes in terms of the units of 
measurements of the actual sample may 
be obtained. The ends of this theoretical 
range set the limits of selection for the 
number of pairs of genes concerned. As 
sigma is easily calculated for any num- 
ber of pairs of heterozygous genes of 
equal frequency and equal effect, being 
the square root of half the number of 
pairs of genes, and as the number of 
genetic classes is known from the num- 
ber of pairs of genes, the amount of 
change to be expected is easily computed. 

The number and per cent of the 
genetic classes between —2e and +22, 
and between —3e and +3e, for varicus 
numbers of pairs of genes—selected be- 
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SUCCESSIVE FIVE HUNDREDS 


INCREASE IN BODY WEIGHT 
Figure 15 
Average body weight of successive five hundreds of mice studied in this experiment. The 
number of generations reported by the graph is between twelve and sixteen. During this period 
of gentoypic (progeny) selection the rate of gain has varied somewhat, but it is not yet slack- 
ening. The chart summarizes observations which indicate that mice can be bred as large-—or 


larger than rats. 


cause sigma is a whole number—and 
beginning with 32 pairs of genes—are 
shown in Table 1. The application of 
the proportions obtained in Table 1 is 
made in Table 2. 

In making the computations, the re- 
sults of which are shown in Table 2, it 
has been assumed that the weights (Fig- 
ure 16) of the early descendants of the 
foundation mice are substantially equiva- 
lent to a random sample of one thousand 


Pairs Number of Genetic Classes between : 
of Genetic and +2¢ —3g and 
Genes Sigma Classes Number Per cent Number Per cent 
3 = << 65 16 25 37 
= 5 101 20 20 30 30 
+ 10 401 40 10 60 15 
= 10,001 200 2 300 3 
+100 40,001 400 1 600 1.5 


The birth-dates of certain mice are given at the bottom of the chart: 501— 
Aug. 1, 1932; 1001—Jan. 31, 1934; 2001—July 28, 1934; 400!—June 20, 1935; 6001—July 15, 1930. 


TABLE 1 


individuals drawn from the same popula- 
tion as the foundation mice. This as- 
sumption is sufficiently close to the truth 
for present purposes as is shown by sta- 
tistics on weight of other mice which are 
given below. However, because selec- 
tion was begun without collecting statis- 
tics on a random sample of the founda- 
tion stock, the maximum weights shown 
in Table 2 were computed by taking the 
center of distribution at 25 grams, the 
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range at 12 grams and the two ends of 
the range at 19 grams and 31 grams. 

To illustrate the method of computing 
maximum weight, suppose that 32 pairs 
of heterozygous genes influence weight. 
The two ends of the range, 19 gr. and 
31 gr. (Fig. 16), are placed at—2e and 
+2e, respectively, of the normal curve. 
There are, then, 65 genetic classes 
(Table 1) of which 16 occur between 
—2u and +20. The 16 genetic classes 
are, in round numbers, one-fourth of all 
genetic classes, and since the 16 genetic 
classes are equal to 12 grams, the 65 
genetic classes would be four and one- 
sixteenth times twelve, or 48.75 grams. 
As half the range is on either side of the 
mean, the maximum weight of male mice 
is 25 + 244, or 49.4 grams. 

This table of estimates of the maxi- 
mum weight to which mice can be bred 
by the accumulation of genes favoring 
increased weight must be considered with 
due regard to its limitations, both of 
method and of the complications intro- 
duced by the known variations in be- 
havior of genes. Notwithstanding all 
these difficulties, the table shows that 
the possibilities for producing change 
through the accumulation of favorable 
genes may be large. How large depends 
upon the number of different loci repre- 
sented by unlike alleles which are judged 
to exist in the foundation animals. 

Selection for Increased Weight 

The report on selection for increased 
weight in mice, which is made at this 
time, is in the nature of a progress re 


TABLE 2 
Approximate 
Number of 
Individuals 
Pairs Reauired to 
of Maximum Weight Obtain the 
Genes 2+2sigma 2*+3sigma Two Extremes 
2 31.0* 16 
5 31.0* 1024 
10 33.8* 10x 10° 
20 37.9* 11 x 10" 
32 49.4 41.3 18 x 10" 
50 55.3 45.2 13 x 10” 
200 85.2 65.1 26 x 10”° 
5000 325.0 225.0 20 x 10°" 
20000 625.0 425.0 
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port as the work is being continued. The 
foundation mice used in the experiments 
were albinos of no particular distinction, 
obtained from a commercial breeder. 
Four males and eight females were re- 
ceived on April 3, 1930, and twelve fe- 
males on May 14, 1930. On January 27, 
1931, four males and eight females were 
added. Since then, no additions have 
been made. Some of the foundation 
mice had no children, while others had 
children but no grandchildren. The con- 
sequence is that all mice used as breed- 
ers which had offspring born after Janu- 
ary 29, 1934, — the date of birth of male 
1000 — are descended from five of the 
foundation males and eleven of the foun- 
dation females. It follows, then, that no 
more than these sixteen mice are repre- 
sented in the ancestry of later genera- 
tions. 

In the early stages of the experiment, 
certain difficulties were encountered 
which were solved as the experiment 
proceeded. Thus weights were taken of 
every mouse, but as we did not know the 
best age for weighing mice, weights were 
taken at various ages in its early stages. 
Enough were taken at the age finally 
established as best suited to the needs of 
this experiment to provide a basis for 
reference and comparison. However, 
the basis may be influenced to some ex- 
tent by the selection for increased weight 
which began before all of these weights 
were taken (Figure 16). The males aver- 
aged 26.0 grams, the females 21.3, which 
is greater than that of the dilute choco- 
lates reported by Green** by some twen- 
ty-five per cent and nearly forty per cent 
greater than that of albinos reported by 
Robertson.!*'3 Dr. Alfred Marshak has 
kindly supplied the sixty-day weights of 
his B strain.’ The males of this strain 
averaged 21.9 grams and the females 
18.4 grams. For further comparison, 
and to learn why the mice of the early 
generations of the experiment were so 
much heavier than the others, inbred 
agoutis, not selected for increased weight, 
descended from foundation mice received 
from Dr. Lionel Strong and inbred by 


> 


*Computed from the expanded binomial, not from +3 of the normal curve. 
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him for twenty-four generations, have 
been weighed during the past year. The 
males average 24.3 grams and the fe- 
males 21.8 grams. The mice of the 
Strong strain, like the early mice of the 
experiment, are considerably heavier 
than the others, which indicates that the 
foundation mice probably were not sub- 
stantially different genetically from the 
Green, Robertson and Marshak mice, 
but owe their weight to methods of man- 
agement. 

As the chief object of this experiment 
is the production of as great an increase 
in body weight of mice as_ possible 
through the agency of selection, it has 
been allowed to develop freely. Matings 
are made without regard to relationship 
or age. Consequently, there is some 
over-lapping of generations. The work- 
ing program is as follows: 

Once every week three males, not 
previously mated, are mated, each to 
several females, usually five. These mice 
are usually the largest which are avail- 
able at the moment, but when the weights 
of the members of a family of full sibs 
are uniformly near the top, its members 
are given preference over members of 
other families. Mice weighed during the 
preceding week, other things being 
equal, are given preference over older 
mice. The males are retired from serv- 
ice as soon as their mates are pregnant, 
and remain out of service until their off- 
spring are old enough to be separated 
from their mothers. A male whose off- 
spring are conspicuously large to the eye 
at this time, is immediately re-mated to 
the same females. Males whose off- 
spring are not conspicuous because of 
size remain out of service until their off- 
spring are weighed. Few return to the 
breeding pens, the remainder being dis- 
carded. Females which are mothers for 
the first time are not re-mated immedi- 
ately, unless they have children of ex- 
ceptional size at one month of age. In 
this event—space permitting—they are 
mated to males that have demonstrated 
their ability in siring large children. The 
others are held until their children are 
weighed. Then they are mostly discard- 
ed, but some whose children pass the 
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weight standard are re-mated. Able par- 
ents of either sex are continued in serv- 
ice until they are no longer useful. The 
essential element in this experiment is. 
therefore, genotypic selection to which 
the phenotypic selection of young ani- 
mals is merely a necessary preliminary. 
Each pregnant female is placed in an in- 
dividual cage where the voung are born 
and where they remain until one month 
of age. Then the sexes are separated, 
members of two—sometimes more—lit- 
ters being placed in the same cage, when 
numbers and dates of birth permit. At 
this time each mouse is given an identify- 
ing number in consecutive order and ear- 
marked. They are weighed one month 
later, and this weight is used as the basis 
of selective mating and as a measure of 
results. 

The litters are never reduced in size 
but all mice born are allowed to live, ex- 
cept an occasional mouse suffering se- 
verely from diarrhoea at ear-marking 
time, but such mice are now very rare. 
For a time, until the cages were set on 
rails, many deaths were due to a con- 
tagious form of diarrhoea whose etiology 
was never determined. Now, the only 
deaths between marking and weighing 
are from occasional weak individuals 
that reach one month of age but do not 
live until weighing time. These deaths 
are never the product of human inter- 
vention and, so far as can be determined, 
are rarely due to cage mates. 

The figures which are being reported 
at this time are given in terms of the 
average weight of mice at intervals of 
five hundred numbers. Five hundred 
numbers do not necessarily mean that 
five hundred mice are weighed, because 
of an occasional death and an occasional 
loss from some mishap in the laboratory. 
Since the mice are numbered consecu- 
tively in order of birth, presenting the 
results of this experiment in- terms of 
weight of the mice at intervals of succes- 
sive five hundreds corresponds, there- 
fore, to the continued addition of new 
generations, exactly as would happen if 
the weight of every human being on his 
twenty-first birthday had been recorded 
for the last thousand years. And, as 
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ONLY SLIGHT OVERLAPPING IN WEIGHT DISTRIBUTION 
Figure 16 
The weight of the first five hundred male mice averaged ten grams less than the last five 
hundred, and the average of the last five hundred was several grams greater than the heaviest 
mouse among the first five hundred. Furthermore the variability in the later generations is 
greater than in the earlier, which suggests that the limit of selection has not yet been ap- 
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proached in the 12-16 generations of the experiment to date. 


with human beings, the number of gen- 
erations in the ancestry of mice born on 
the same day is not exactly the same. 
Thus, a count of filial generations in 
the direct (father to son, or mother to 
daughter) line of descent among five 
males and five females, not brothers nor 
sisters, nearest male 6001 and female 
7001, gives sixteen generations as the 
greatest number and twelve as the least 
number of generations from this point 
in the experiment to the foundation mice. 
The number of mice reared to two 
months of age has been changed from 
time totime. Thus, male 1001 was born 
on January 31, 1934, nearly four years 
after the arrival of the foundation mice, 
which is at the rate, for both sexes, of 
five hundred young mice per year. Dur- 
ing the following year the number of 
young mice was increased to the present 
number of four thousand per year. On 
this account the dates of birth of certain 
mice are given on the graph (Figure 15) 
to establish their general relationship 
with the numbers. 


The Results of Selection 


The trend of the results of the form 
ot selective breeding used in this experi- 
ment is unmistakable ( Figures 15and 16), 
The line of averages is a line of ascent, 


though with periods of hesitation. The 
average gain for the males is 1.48 grams 
per thousand mice recorded and for the 
females, .99 per thousand. The rate of 
increase in average weight is 1.2 grams 
per thousand mice recorded, or .6 of a 
gram per generation. The average 
weight of males in the first five hundred 
numbers is 26.0 grams. The last five 
hundred males average 36.4 grams, an 
increase of forty per cent. Female 
weights are 21.3 grams and 29.3 grams, 
an increase of nearly thirty-seven per 
cent. Moreover, as shown by Figure 16, 
the present average weight exceeds the 
maximum weight of mice in the early 
generations by several grams. 

The heaviest mouse at two months of 
age to date is number 6881, a male, 
weighing 48.1 grams. According to 
Table 2, the heaviest male expected when 
there are 50 pairs of genes, and when it 
is assumed that the extreme weight 
classes of the sample of the unselected 
population correspond with +30 of the 
normal curve, is 45 grams. For the pur- 
poses of the following estimates, this 
weight may be regarded as the genetic 
equivalent of the 48.1 gram male. To 
obtain one male of this weight — or its 
equivalent in a female — without selec- 
tive breeding, by segregation in an Fy» 
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generation of 50 pairs of heterozygous 
genes, requires on the average the exam- 
ination of 126 & 1078 mice. 

This number of mice is too large for 
easy comprehension. A better compre- 
hension of its magnitude may be had by 
converting it into weight for comparison 
with some familiar object. If there are 
19 mice to the pound (23.9 grams each, 
which is close to the average of the early 
males and females shown in Figure 15), 
126 mice would weight 3336 
10° tons. The weight of the earth is 
estimated to be 6 & 107! tons. Thus the 
total weight of the mice that must be 
examined to find that one mouse in 126 
< 10°8 mice is 5560* times the weight 
of the earth. 

Using weight at two months of age as 
the basis of mating and of records has 
not resulted in precocious attainment of 
final weight, as figures given later in this 
paragraph show. At the beginning of 
the experiment, the two months’ weight 
was approximately two-thirds the adult 
weight of males or females which were 
carried to maturity without being al- 
lowed to mate. But the practice of re- 
taining unmated animals has been dis- 
continued because it absorbs so much of 
the working capacity of the laboratory. 
The breeding females are, however, 
mostly weighed on the day they are dis- 
carded. Sixty-nine females between the 
ages of 160 days and 189 days were 
weighed between January 1, 1937, and 
this writing. Their average weight at 
two months was 31.9 grams and at the 
average age of 170.6 days, 44.6 grams. 
The mice continue to increase in weight 
beyond this age because twelve females 
weighed between December 4, 1936, and 
this writing, and averaging 246.3 days 
of age, weighed 51.9 grams. The aver- 
age weight of these twelve, at two 
months, was 33.1 grams. 

One of the interesting by-products of 
the experiment is the occurrence of mice 
which are very large at one month of age. 
Occasionally, some of the largest are 
weighed. The maximum weight at this 
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age is 31.2 grams for males and 29.3 
grams for females. 


Discussion 


The present status of this experiment 
permits of no final conclusions. Never- 
theless, certain statements on the nature 
and number of genes concerned may be 


made at this time. 

1. The weight of the heaviest mice indicates 
(Table 2) the existence of at least 32 pairs of 
weight genes. 

2. An examination of our files shows that 
regression is a characteristic feature of the 
matings of the heaviest mice of the moment, 
but regression is not expected from non-domi- 
nant genes. 

3. The proportion of individuals in the 
genetic class containing all phenotypic domi- 
nants is so high (.3 per cent for 20 pairs of 
dominant genes) that the current large mice 
must represent the accumulation of many more 
than 20 pairs of dominant genes. 

4. The accumulation of recessives is said 
tc result in loss of vigor. If this is true of 
the recessives of weight genes, increased weight 
can scarcely be due to accumulated recessives, 
as the large mice are not less vigorous than 
the small ones. Moreover, if increased weight 
is due to recessives, some matings of the heavi- 
est mice of the moment should show no re- 
gression. 

5. Reports on crosses between large and 
small races of mice, Green,** Castle et al.,*° 
in which F; is intermediate in weight or near- 
er the larger parent, suggest that small weights 
are not due to accumulated inhibitors. 

6. As small mice in general are not less 
vigorous than large ones, they can scarcely be 
due to the accumulation of recessives (cf 4). 

It has been shown that the increased 
weight of the mice of this experiment 
can be explained in terms of the multi- 
ple factor hypothesis. However, it is 
well to remember that the multiple fac- 
tor hypothesis carries certain implica- 
tions, one of which may be mentioned 
here because of its potential conse- 
quences. The increase in weight of the 
heaviest mice of today over the heaviest 
mice at the beginning of the experiment 
has been referred to the accumulation of 
plus genes, which were already present 
in the sixteen foundation mice but which 
were distributed in such a way that their 
presence was not manifest to the eye nor 
to the scale. But what of the allels of each 


* Sufficient places were carried in the computations to obtain arithmetical accuracy in this 


figure. 
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Goodale: Effects of Selection 


of these plus genes? Would their ac- 
cumulation by selection result in a de- 
crease in weight of the same amount as 
the increase, as might be inferred from 
the theoretical extent of the range on 
either side of the mean? If so, it should 
be possible to breed males weighing only 
three grams at two months of age and 
females in proportion. 

While the multiple factor hypothesis 
of size inheritance is quite generally ac- 
cepted by geneticists and is to be regard- 
ed with favor in explaining the results 
of this experiment, two other ways of 
explaining it may be mentioned. 

First: The increase in maximum size 
of the mice may be explained on the as- 
sumption that several gene mutations 
favoring increased weight occurred dur- 
ing the course of the experiment. 
these gene mutations differ in several 
respects from the gene mutations most 
studied. A gene mutation is a change 
in a definite but restricted area of a 
chromosome,—a locus. They are erratic 
and unpredictable events, for a gene mu- 
tation may affect any character of the 
organism in any direction and to almost 
any degree. The rate at which they oc- 
cur has not been determined exactly, but 
it is relatively low. In discussing this 
point, Fisher,® said, “The rate of individ- 
ual mutations in Drosophila is certainly 
seldom greater than one in 100,000 in- 
dividuals.” Recent work indicates that 
gene mutations occur more frequently 
than has been supposed (H. H. Plough. 
in a letter). Nevertheless, they are not 
common events in relation to the num- 
ber of individuals used in this experi- 
ment. 

Now the increase in weight, due to 
each of the assumed plus* gene muta- 
tions whose combined effect has resulted 
in a slow, gradual increase in the maxi- 
mum weight of the mice of this experi- 
ment, must be small because the increase 
in maximum weight has been about a 
gram per generation. If each such in- 
crease is taken to mark the occurrence 
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ci an additional gene mutation, the mu- 
tation rate is one in a thousand. This 
method of estimating the rate of gene 
mutation is open to serious objection, 
but however the estimate is made, the 
conclusion appears inevitable that a re- 
markably high rate is required in order 
to explain the increase in maximum 
weight by mutations. Moreover, if they 
affect other characteristics of the mice, 
as many mutations do, the changes have 
been so inconspicuous that they have es- 
caped notice. Thus these assumed gene 
mutations are not the rare, erratic and 
unpredictable events so well known, but 
events which act as if they were obedient 
to the will of the breeder. 

Second: It is necessary to consider 
now the possibility that selection may 
act on the germ cells, particularly on the 
chromosomes of the germ cells, in some 
way which is not included in present 
conceptions of genes and gene mutations. 
Consideration of this possibility is neces- 
sary because a growing body of evidence 
indicates that gene mutations are in- 
juries to local areas—loci—of the chro- 
mosomes. As the chromosomes are linear 
bodies, injuries are necessarily arranged 
in a linear sequence, but this need not 
mean that the chromosomes are struc- 
iures like a chain or string of beads, or 
that the genes are normal units of in- 
heritance. Since the concept of the gene 
as the normal unit of inheritance devel- 
cped from a study of gene mutations, the 
evidence that mutations are injuries to 
chromosomes challenges this concept of 
the gene. For example, Jennings,® asks 
the following questions, — questions 
which a few years ago would have re- 
mained unasked: “Are all gene muta- 
tions that occur under the action of radia- 
tion the result of chromosome breakage 
or injury? And further are all gene 
niutations of this type?” 

After discussing the effects of gene 
mutations upon the organism in which 
they occur, he goes on to say: 

While it is thus clear that most gene mu- 


*Mutations without effect on weight or with a minus effect would pass unnoticed if they 
occurred during the course of this experiment because selection was exclusively in the plus 
direction, unless they had a conspicuous effect on some other character of the mouse. 
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tations are not of such a nature as to result 
in progressive evolution, it is held probable 
by most students of the matter that among 
the great number of injurious mutations there 
may occur a few that are advantageous. It 
is these that would form the basis for evolu- 
tionary progress. 

On the other hand, it may turn out that 
gene mutations of the sort thus far observed 
are not the material of progressive evolution. 
It may be that we have not yet recognized 
the actual steps in progressive evolution, and 
that when these come clearly into view, it 
will be found that they are not the result of 
action of destructive agents, nor connected 
with injuries to the genetic system, but rather 
bear a resemblance to the changes of growth. 
These questions must be reserved for the 


future. 
If Jennings is correct in supposing 


that the materials of progressive evolu- 
tion may bear a resemblance to the 
changes of growth, is it not possible that 
the effects of selection on a character, 
such as size, may involve some process 
other than the accumulation of genes new 
or old? The answer to this question also 
lies in the future, but the question itself 
can no longer be disregarded. 

The results of this experiment in 
genotypic selection for increased weight 
taise several other questions which again 
must be reserved for the future. How- 
ever, a few brief comments may be made 
now. 

1. Genotypic selection is a very dif- 
ferent matter from phenotypic selection 
(cf Pearl,1'). Consistent application of 
this principle may very well lead to con- 
tinued change, whereas phenotypic se- 
lection quickly reaches the limit which 
appears so frequently in reports on se- 
lection experiments. It is possible — 
though this experiment does not settle 
the question — that the increase in the 
weight of the mice of this experiment 
could not have been secured by pheno- 
typic selection alone. 

2. The doctrine of evolution through 
natural selection is a derivative of those 
forms of selection practiced by man. 
Natural selection may seem to be wholly 
phenotypic, containing no element of 
genotypic selection, but this view over- 
looks the fact that a larger proportion of 
offspring of some matings survive than 
the offspring of other matings, just as in 
any selection experiment based on the 
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progeny test (genotypic selection), a 
larger proportion of offspring of some 
matings gain the breeding pens than of 
other matings. Natural selection and 
mating are very likely less stringent than 
artificial selection and mating, but time 
and numbers give nature an advantage 
wholly lacking in any human experiment. 
Natural selection may, therefore, pro- 
mote changes in species through the ac- 
cumulation of small inherited advantages 
in the manner which Darwin proposed. 

3. The possibilities for the improve- 
ment of farm animals by genotypic selec- 
tion is very great, much greater, indeed, 
than is realized by breeders. 
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| Material for Demonstrating 
Salivary Gland Chromosomes 


Interrelated demonstration material—microscopic slides, chromo- 
some maps, lantern slides and literature—make giant chromosomes avail- 
able for classroom use. 


MICROSCOPIC SLIDES OF SALIVARY GLAND CHROMOSOMES 


Slide of Normal Salivary Chromosomes of D. melanogaster, each $2.25 
Three Slides 5.00 
Slide with drawing identifying all chromosomes in two figures (Female)... 4.00* 
Slide showing Y-chromosome (Male) 
Slide showing synapsis of normal and inverted X- chromosome (loop). eee 4.00* 
Slide showing figure of an autosomal inversion 4.00* 
Slide showing synapsis of translocated and normal chromosomes... 4.00* 
Slide showing a small deficiency (deletion)... 
Salivary chromosomes of D. virilis 2.25 
Slides 5.00 
Nome Somatic (ganglion) chromosomes of D. 2.50 
agnification of at least 1000 X necessary to view vatactority.) 
1 1 Slide of each of above (9 slides—6 drawings) _ eekletncs a 
* Three or more slides, 1 of each kind @ $3.50 each. Three or more of same kind 


@ $3.00 each. 


SALIVARY GLAND CHROMOSOME MAPS 

cytogenetic map of the salivary chromosomes, 9, by 18 inches, line-cut 

ing major chromosome details and the genes approximately located co end 
of 1934, mailed unfolded. $ .50 

Bridges’ coference map of the banding of the salivary chromosomes, 914 by 25 inches, 
halftone on heavy coated paper, unfolded 1.00 
Folded copies of Bridges’ map, on lighter paper 35 
Hughes’ map of Salivary Chromosomes of Drosophila Virilis (9% by 18)... 75 
1 copy each of Painter’s, Hughes’, and Bridges’ maps 2.00 

LANTERN SLIDES OF SALIVARY CHROMOSOME MATERIAL 

$21-323. Salivary chromosomes in the Nucleus $ .75 
25-464. “Portrait” of a Salivary Gland Chromosome 75 
25-466. Giant Chromosomes Compared with “Normal”, showing relative sizes... .75 
25-469. Synapsis of Normal and Inverted Chr 75 
25-470. Synapsis of Normal and Deleted Chromosomes ____ Pe 
25-472. Painter’s Cyto-Genetic Map of Salivary Chromosomes (Insert) _ a 
26-62. Salivary Chromosomes and Gonial Chromosomes Compared. 75 
26-62. Bridges’ Reference Map of the Salivary Chromosomes of Drosophila ___ 75 
26-176. Salivary Gland Chromosomes of Sciara Compared with Normal... 75 
26-178. The Entire Salivary Gland Showing Nuclei (Sciara) 75 
26-179. Salivary Gland Chromosomes in the Cell (Sciara) == 75 
26-182. Structure of Salivary Gland Chromosomes <a» ae 
27-305. Map of Salivary Gland Chromosomes of D. Virilis — => — 
29-12. Bridges’ Revised Map of the S. G. X-Chromosome =. 75 
Set of 14 Lantern Slides 9.00 


t Volume and page number of illustration in the JouRNAL OF HEREDITY. 


ILLUSTRATED LITERATURE 


“Symposium Reprint” on Salivary Gland Chromosomes, containing articles from the 
JournaL or Herepity, 1934-1938, by Painter, Bridges, Metz, Mackensen and 
Hughes—four Salivary Gland Chromosome maps, 15 illustrations, 54 pages $3.00 
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